(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




iiiioiiiiiiiiiiiiiiiniiiiiiiiiiii 



(43) International Publication Date (10) International Publication Number 

24 January 2002 (24.01.2002) PCT WO 02/05866 A2 



(51) International Patent Classification 7 : A61M 
(21) International Application Number: PCT/US01/22029 



(22) International Filing Date: 

(25) Filing Language: 

(26) Publication Language: 



13 July 2001 (13.07.2001) 
English 
English 



(30) Priority Data: 

60/217,976 
60/217,977 
60/253,514 



13 July 2000 (13.07.2000) US 
13 July 2000 (13.07.2000) US 
28 November 2000 (28.1 1 .2000) US 



(71) Applicant (for all designated States except US): BIO- 
HEART, INC. [US/US]; Suite 408, 2400 North Commerce 
Parkway, Weston, FL 33326 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): LEONHARDT, 



Howard, J. [US/US]; 3425 Stallion Lane, Weston, FL 
33331 (US). LASHINSKI, Robert, D. [US/US]; 9519 
Mill Station Road, Sebastopol, CA 95472 (US). 

(74) Agents: DELVECCHIO, John, M. et al.; Hodgson Russ 
LLP, One M & T Plaza, Suite 2000, Buffalo, NY 14203- 
2391 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, IT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 

[Continued on next page J 



(54) Title: DEPLOYMENT SYSTEM FOR MYOCARDIAL CELLULAR MATERIAL 



20- 



19- 




(57) Abstract: A catheter-based deployment system for de- 
ploying cellular material into the heart muscle. The deploy- 
ment system includes a guiding catheter and a needle assem- 
bly capable of sliding within the guiding catheter. The needle 
assembly terminates in a tip having at least one side with an 
opening in communication with a lumen disposed within the 
needle assembly. Once the guiding catheter is positioned, 
the needle assembly is advanced until the tip prenetrates the 
muscle wall. At a predetermined depth the cellular material 
may be deployed into the muscle wall via a push rod disposed 
through the lumen of the needle assembly. It is emphasized 
that this abstract is provied to comply with the rules requir- 
ing an abstract that will allow a searcher or other reader to 
quickly ascertain the subject matter of the technical disclo- 
sure. It is submitted with the understanding that it will no be 
used to limit the scope or meaning of the claims. 



WO 02/05866 A2 IIIDIUIIIUPIIIIIIIIIIIIIIIIIIIIII 



patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 02/05866 



PCT/US01/22029 



DEPLOYMENT SYSTEM FOR MYOCARDIAL CELLULAR MATERIAL 

CROSS-REFERENCE TO RELATED APPLICATION 

The present application claims priority to U.S. 
5 Provisional Patent Application No. 60/253,514 entitled 
"Myocardial Cellular Material and Deployment System 
Therefor," filed on November 28, 2000; to U.S. 
Provisional Patent Application No. 60/217,976 entitled 
"Myocardial Cellular Pellet and Deployment System 
10 Therefor," filed on July 13, 2000; and U.S. Provisional 
Patent Application No. 60/217,977 entitled "Myocardial 
Cellular Material and Porous Ceramic Delivery System 
Therefor," filed on July 13, 2000, all of which are 
hereby incorporated by reference. 

15 

FIELD OF INVENTION 

The present invention pertains generally to 
cellular based implants for heart muscle tissue and 
specifically to a deployment system for myocardial 
20 cellular materials. 

BACKGROUND OF THE INVENTION 

Coronary heart disease is one of the leading causes 
of death in the United States. Heart attacks or 

25 myocardial infarctions caused by coronary heart disease 
can cause immediate death or can cause significant 
morbidity rates due to irreversible damage to the heart, 
such as scarring of the myocardial tissue. 

Following a myocardial infarction there is always a 

3 0 certain time period of non-perfusion during which 

ischemia may develop. This is especially true during 
the patient transport to the hospital and until occluded 
vessels can be reopened by percutaneous transluminal 
coronary angioplasty (PTCA) or thrombolytic agents, for 

35 example. Thrombolytic agents, administered either 

intravenously or directly into the coronary arteries, 
work by dissolving the occluding thrombus and thereby 
reestablishing blood flow. When thrombolytic agents are 
administered properly, they can be expected to restore 
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blood flow relatively quickly in cases of minor 
myocardial infarctions. However, in cases of massive 
myocardial infarctions, or in cases of delayed 
administration, the efficacy of the agents can be 
5 drastically reduced. 

In situations where heart muscle damage has 
occurred due to myocardial infarctions or coronary heart 
disease, there have been attempts at improving perfusion 
in the damaged heart muscle and at repairing the heart 

10 muscle damage. 

Some of the treatments have included attempts at 
growing microvessels through angiogenesis techniques. 
These techniques have experienced some significant 
drawbacks. The vessels that have been grown by these 

15 techniques have generally been too small in diameter and 
have provided little perfusion to the distant areas of 
the heart muscle, where perfusion is most needed. Also, 
most previous attempts such as U.S. Patent No. 5,941,868 
issued to Kaplan et al. involved injecting growth 

20 factors into the bloodstream in the target area which 

resulted in limited uptake into the heart muscle. These 
designs were at best only able to relieve symptoms of 
angina but provided no improvement of cardiac function 
and were not able to convert dead muscle area into 

25 working muscle. 

Some of the treatments for revascularizing the 
myocardium have involved the creation of channels within 
the myocardium for providing oxygenated blood to 
myocardial cells without requiring coronary circulation. 

30 U.S. Patent No. 5,878,751 issued to Hussein et al . 

discloses stent and needle means for creating and 
maintaining a patent lumen in the diseased myocardium. 
The stent is carried into the myocardium through the 
heart wall on the outside of a needle and then the 

35 needle is withdrawn through the center of the stent . 
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U.S. Patent No. 5,972,013 issued to Schmidt 
discloses a pericardial access device having a 
penetrating body axially mobile with the lumen of a 
guide tube. The guide tube includes a deflecting 
5 mechanism for deflecting the distal end of the 

penetrating body. In use, a patient f s pericardium is 
contacted with the distal end of the guide tube and 
suction is applied to form a pericardial bleb. The 
penetrating body is axially mobilized distally within 

10 the lumen of the guide tube until the deflecting 

mechanism deflects the penetrating body to cause the 
penetrating end of the penetrating body to enter the 
bleb of the pericardial tissue at an angle oblique to 
the longitudinal axis of the guide tube. 

15 Accordingly, what is needed is a catheter-based 

deployment system for introducing myocardial cellular 
materials into the heart wall in a minimally invasive 
procedure . 

20 SUMMARY OF THE INVENTION 

The present invention meets the above described 
need by providing a system for deploying myocardial 
cellular materials directly into the heart muscle. 

The present invention provides a deployment system 

25 for a cellular material in a solid, paste or slurry form 
that is comprised of a combination of cellular materials 
and pharmacological materials that are implanted 
directly into the heart muscle. The cellular materials 
may also be provided and delivered to the heart muscle 

30 in liquid form. 

The deployment system for the present invention 
includes a guiding catheter and a slidable injection 
needle assembly for delivering the cellular materials. 
The needle assembly is capable of being pushed into and 

35 through the heart wall by a mechanism attached to the 
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needle assembly and capable of being manipulated by the 
interventionist . 

The needle assembly has a central lumen with a push 
rod and a platform for positioning the cellular material 
5 disposed therein. The central lumen terminates at an 
opening in the side of the tip of the needle assembly. 
Once the tip of the needle assembly is advanced into the 
. myocardium a predetermined distance, the cellular 

material can be ejected from the needle assembly through 

10 an opening in the side of the tip. 

In an alternate embodiment,, the guiding catheter is 
advanced into the target area of the myocardium until it 
abuts with the myocardial wall where the cellular 
material is to be deployed. The guiding catheter may be 

15 equipped with prongs or anchors at the end to secure the 
guiding catheter to the myocardial wall. Alternatively, 
in order to prevent misalignment of the needle assembly 
relative to the wall, the guiding catheter may include 
sensors for determining when the end of the guiding 

20 catheter is engaged and substantially flush with respect 
to the myocardial wall. In this manner, the cellular 
implants can be planted at the appropriate depths and 
with the appropriate spacing between adjacent implants. 
In a second alternate embodiment, the cellular 

25 materials in liquid form are injected into the 

myocardial wall by means of a needle catheter suitable 
for injecting liquid. 

BRIEF DESCRIPTION OF THE DRAWINGS 
3 0 The invention is illustrated in the drawings in which 

like reference characters designate the same or similar 
parts throughout the figures of which: 

Fig. 1 is a perspective view of a heart having a damaged 
35 area in the myocardium; 
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Fig. 2 is a perspective view of the heart undergoing the 
procedure of the present invention; 

Fig. 3 is a perspective view of the heart after the 
5 damaged muscle tissue has been regenerated according to 
the method of the present invention; 

Fig. 4 is a perspective view of the deployment system of 
the present invention; 

10 

Fig. 5 is an enlarged detail view of the tip of the 
needle assembly of the present invention with the push 
rod plunger passing through the opening in the side of 
the needle assembly ; 

15 

Fig. 6 is an enlarged detail view of the tip of the 
needle assembly of the present invention prior to 
ejection of the cellular material; 

20 Fig. 7 is an enlarged detail view of the tip of the 

needle assembly of the present invention during ejection 
of the cellular material; 

Fig. 8 is an alternate embodiment of the deployment 
25 system of the present invention; 

Fig. 9 is an alternate embodiment of the deployment 
system of the present invention; and, 

30 Fig. 10 is a front elevational view of a needle assembly 
equipped with an auxiliary wire. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention now will be described more 
35 fully hereinafter with reference to the accompanying 
drawings, in which embodiments of the invention are 
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shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited 
to the embodiments set forth herein. Rather, these 
embodiments are provided so that this disclosure will be 
5 thorough and complete, and will fully convey the scope 
of the invention to those skilled in the art. Like 
numbers refer to like elements throughout. 

In Fig. 1, a heart 10 is shown having a damaged 
portion 13 where inadequate perfusion from the coronary 
10 artery 16 has led to damage to the heart muscle that 
results in diminished cardiac function and resulting 
morbidity. 

Turning to Fig. 2, the device and method of the 
present invention provides for catheter-based deployment 

15 of a cellular material 22 having a combination of 

cellular and pharmacological materials for regenerating 
heart muscle damaged from cardiac arrest or coronary 
disease, improving cardiac function, and stimulating 
angiogenesis in the muscle wall. A guiding, 

20 articulating catheter 19 is shown introduced through the 
aorta 12 and traversing through the aortic arch 14 and 
down into the heart 10. As shown the catheter 19 
implants the cellular material 22 directly into the 
heart muscle wall 25. 

25 The preferred imaging system for the present 

invention includes a Toshiba/Acuson digital color echo 
to create visualization of the damaged myocardium. A 
fluoroscope allows visualization of the catheterization 
and needle penetration into the myocardial wall. An ECG 

30 creates a short potential voltage change (PVC) when the 
needle enters the wall which indicates to the 
interventionist that the needle has entered the 
myocardial wall. A monophasic action potential mapping 
probe at the tip of the guide catheter is able to 

35 distinguish viable tissue from non- viable tissue at the 
cellular level by measuring membrane potentials, NA, P, 
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CA, and the like. The tip of the guide catheter also 
includes a surface flush probe. The probe assures that 
the tip is flush with the myocardium wall for the proper 
injection angle. A box visible to the interventionist 
5 lights up when the probe is flush with the myocardial 
wall which indicates that it is the appropriate time to 
inject . 

Also, ECG electrodes are positioned on the curve of 
the guide catheter to measure the electrical activity of 
10 the heart. 

LocalLisa™ software creates a colorized electro- 
magnetic map of the heart using standard ECG electrode 
guide catheters . 

Saadat™ software overlays on the fluoroscope screen 
15 to show where injections have been made in muscle. A 
tilt view allows 3-D visualization. 

The above described elements in combination provide 
a preferred imaging system for use in heart muscle 
regeneration procedures of the type disclosed in the 
20 present invention. 

Turning to Fig. 3, the damaged area 13 of the 
myocardial wall has been repaired by the device and 
method of the present invention and the result is 
healthy muscle tissue capable of significantly 
25 increasing cardiac function. 

In Figs. 4-7, a catheter-based system including the 
guiding catheter 19 provides for deployment of the 
cellular material 22. The guiding catheter 19 is a 
standard 7-9 FR guiding catheter with a Teflon coated 
30 inner lumen 20. A needle assembly 31 having a needle 
tip 34 with a material cradle 37 is navigated up the 
central lumen 20 of the guiding catheter 19. The needle 
assembly 31 is pushable inside the guiding catheter 19 
such that the needle tip 34 can be* inserted into the 
35 heart muscle wall 25. The needle tip 34 is preferably 
pointed at the end for piercing the heart muscle wall 
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25. The tip 34 may be provided with a set of external 
threads 38 to aid in advancing the catheter 31 through 
the muscle by rotating the catheter 31 as it is pushed 
forward . The external threads 38 provide several 
5 advantages. The threads 38 create a greater injury 

response which serves to release more growth factors and 
thus creates more and larger angiogenic micro vessels. 
Compared to laser and straight needle, the external 
threads 38 had an approximately 5:1 improvement in 

10 vascular density. Also the external threads 38 trap 
thrombus which releases signals for release of growth 
factors and thus creates improved angiogenic response 
compared to clean holes and perfused thrombus with blood 
supply from LV. 

15 Also, the external threads 38 stabilize the depth 

position for injections into the myocardium due to the 
resistance created by the threads. In contrast a 
straight needle tends to bounce in and out of the 
myocardium with each beat of the heart and accordingly, 

20 the depth of the injection is unpredictable. 

Accordingly, the needle assembly 31 is capable of being 
both pushed and twisted to advance the tip 34 into the 
heart muscle wall 25 by a hand operated wheel 40 
operated by the interventionist (not shown) within a 

25 cavity of or outside of the body. As a result, the tip 
34 carries the cradle 37 into the heart muscle wall. 

In operation, the guiding catheter 19 is deployed 
to the myocardial wall 25 through percutaneous entry and 
guidance through the vasculature through techniques 

30 known to those of ordinary skill in the art. The 

catheter 19 may be introduced, for example, through the 
femoral artery and then passed through the aorta and the 
aortic arch and into the heart wall 25. Other routes 
such as the brachial arteries are also available. The 

35 guiding catheter 19 is preferably provided with a soft 
tip to facilitate guidance through the vasculature. 
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Once the catheter 19 reaches the target area of the 
myocardium, the needle assembly 31 is pushed forward 
until the sharp tip 34 engages with the myocardial wall 
25. If the sharp tip 34 is equipped with the external 
5 screw- type thread 38 , the needle assembly 31 is pushed 
and rotated such that the needle assembly 31 enters the 
myocardial wall 25. The external threads 38 provide for 
entry into the myocardium with control. Pushing action, 
which can be dangerous, is minimized. A simple slow 

10 turn creates stable controlled entry into the 

myocardium. A straight needle requires strong pressure 
to break the surface tension and is relatively difficult 
to control the depth and the angle within the 
myocardium. Once the needle assembly 31 has been 

15 advanced into the myocardial wall 25 a predetermined 
distance, the push wire 46 is extended such that the 
platform 49 extends out of the cradle 37 through opening 
43 and into the heart wall 25. The platform 49 is 
pressed into the heart wall 25 and then removed in a 

20 reciprocating motion to create a "divot" like 

indentation in the heart muscle wall. The "divot" 
provides a pocket for cells, and increases the cell 
retention compared to the straight needle design. With 
the straight needle design, the cells tend to migrate up 

25 the capillaries and out of the coronary veins since that 
is the path of least resistance. The push wire 46 can 
be used to create a large pocket for cell retention as 
described above and can also be used to cauterize or 
close capillaries to improve cell retention in the 

3 0 myocardium. Mechanical closing of capillaries is done 
by packing tissue density with a rounded tip at the end 
of the push wire 46 which exits through opening 43 into 
the myocardium. 

Next, the platform 49 is removed from catheter 31 

35 by retracting push wire 46. The platform 49 is 

retracted so that a material 22 can be inserted into 
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catheter 31 in front of the platform 49. In a like 
manner,, the platform 49 can be retracted such that 
access to a liquid injection through a stop cock is 
provided, and then the liquid is injected through 
5 catheter 31 toward opening 43 in tip 34. 

Once the material 32 has been deployed to its 
position inside the myocardial wall, the push rod 46 and 
platform 49 are then held against the material 22 while 
the tip 34 of the needle assembly 31 is retracted from 

10 the myocardial wall 25. The needle assembly 31 is then 
completely removed from the wall 25 leaving the cellular 
material 22 implanted in the heart muscle wall 25. The 
needle assembly 31 is then removed through the guiding 
catheter 19 and the percutaneous entry site is closed 

15 and treated according to standard techniques. 

Turning to Pig. 8, an alternate embodiment of the 
deployment system includes a guiding catheter 100 having 
an outer wall 103 that is designed to engage directly 
with the heart muscle wall 25. The guiding catheter 100 

20 may be equipped with hooks 104 or anchors for 

penetrating the heart muscle wall 25 to hold the guiding 
catheter 100 in position against the heart muscle wall 
25. The positioning of the catheter-based system with 
respect to the heart muscle wall 25 is important to 

25 achieve the desired positioning, spacing and depth for 

adjacent cellular materials 22. Accordingly, control of 
the entry point of the individual cellular materials 22 
is important. If the guiding catheter 100 becomes 
misaligned with the heart muscle wall 25 the needle 

30 assembly 31 may enter the heart wall 25 at an angle that 
causes either too much or too little space between 
adjacent materials 22. In order to control the dosage 
of the. drugs and the amount of cellular material per 
area of muscle, the entry point of the needle assembly 

35 31 has to be controlled. Also, if the needle assembly 
31 enters at the wrong angle with respect to the 
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myocardial wall 25, the proper depth may not be achieved 
and the material 22 may not remain implanted in the 
heart wall 25. 

Accordingly, the end of the guiding catheter 100 
5 may be equipped with hooks 104 or other anchoring 

devices to grip the heart wall 25 to maintain the proper 
position of the catheter-based system relative to the 
heart wall 25. Alternatively, an opto-electric or other 
type of sensor 105 may be provided at the end of the 

10 guiding catheter 100 to ensure that the end of the 
guiding catheter 100 is substantially in the proper 
alignment with the heart wall 25. The sensor 105 can 
determine if both sides of the end of the guiding 
catheter 100 are engaged with the heart wall 25 such 

15 that the needle assembly 31 enters the heart wall 25 

substantially perpendicular thereto and will not enter 
at a misaligned incident angle that could lead to the 
problems discussed above. 

Turning to Fig. 9, a needle -based deployment system 

20 is shown. A needle 200 is capable of being deployed 

through a deflecting guiding catheter 203 operated by a 
wheel 204 as known to those of skill in the art. Once 
the needle 200 is carried to the intervention site by 
means of the catheter 203, the needle 200 is displaced 

25 axially relative to the catheter 203 by a thumb-operated 
advancer 206 in a push rod configuration as known to 
those of ordinary skill in the art. 

The needle 200 is preferably 16 gauge, however, 
other sizes may also be suitable. As shown, the needle 

30 200 penetrates the heart muscle wall to a predetermined 
depth. The depth is determined by a pair of mechanical 
stops 209, 212 disposed on opposite sides of the needle 
200. The stops extend laterally with respect to the tip 
215 of the needle 200 and are non-penetrating such that 

35 the interventionist is provided with an indication of 
when the needle 200 has been inserted to the proper 
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depth. The needle 200 is fed by a syringe 218 with 
iiquid forms of the cellular compositions set forth 
previously in connection with the pelletized cellular 
materials described above. 
5 In Fig. 10', an auxiliary wire 300 is shown. 

Because the procedure of the present invention is 
performed while the heart is beating, it is important to 
locate the guiding catheter against the heart muscle 
wall at the beginning of the procedure and it is 

10 sometimes difficult to do so when the heart is moving. 
The thin axially disposed auxiliary wire 300 is capable 
of being pushed forward through the center of catheter 
31 such that the end of wire 300 can be inserted into 
the heart muscle wall to anchor or position the needle 

15 assembly 31 relative to the heart muscle wall prior to 
entry of the tip 34 into the muscle wall. Accordingly, 
auxiliary wire 300 functions as a guide wire and anchor 
to aid in bringing the needle assembly 31 against the 
moving heart muscle wall. Without the leading wire 300, 

20 the guiding catheter 31 may be "bounced" off of the 
moving wall and may be more difficult to locate. 

It is to be understood that although the present 
invention has been described in connection with 
percutaneous procedures, it is also suitable for open 

25 chest cavity procedures where the interventionist has 

detected heart muscle damage during the open procedure. 
Also, although the present invention has been described 
in connection with the myocardium, the cellular material 
and deployment system is not to be limited to use only 

30 with the heart muscle wall and may be applied to other 
organs of the body with suitable cellular compositions 
formulated for use in other areas. 

The device of the present invention can be used for 
delivery of compositions into heart muscle damaged from 

35 cardiac arrest or coronary disease for the purpose of 
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improving cardiac function and/or stimulating 
angiogenesis. 

The cellular compositions of the present invention 
may comprise any type of myogenic cells. Further, the 
5 composition may also have angiogenic growth factors, 

support matrix materials or pharmacological agents. The 
composition may be formulated into a liquid, slurry or 
paste, pellet or a porous ceramic material. 

Myogenic cells suitable for the present invention 

10 include cells such as, but not limited to, skeletal 

myoblasts, embryonic stem cells, mesenchymal stem cells 
or combinations thereof. Skeletal myoblasts may be 
autologous or allogenic. In a preferred embodiment, the 
cells are derived from the same individual (autologous) . 

15 A method for culturing, selecting and implanting 

skeletal myoblasts into host muscles is described in 
U.S. patent 5,13 0,141 to Law et al. Embryonic stem 
cells may be obtained by any method well known to those 
skilled in the art. An example of such a method can be 

20 found in U.S. patent nos. 6,090,622 and 6,245,566 to 

Gearhart et al. Mesenchymal stem cells can be induced 
to differentiate into various cell types, including 
muscle cells. Mesenchymal cells can be obtained as 
described in U.S. patent no. 5,486,359 to Caplan et al. 

25 It is preferable to use skeletal myoblasts since these 

cells are already committed to becoming muscle cells and 
are relatively resistant to ischemia. Further, 
myoblasts can readily be cultured from a muscle biopsy. 
Angiogenic growth factors are useful agents for 

30 promoting the growth of new blood vessels. Angiogenic 

growth factors include a variety of known growth factors 
such as fibroblast growth factors (FGFs) , particularly 
basic FGF (3FGF) and acidic FGF (aFGF) ; epidermal growth 
factor (EGF) ; platelet -derived growth factor (PDGF) ; 

35 vascular endothelial growth factor (VEGF) ; and the like. 
Such agents can prompt the growth of new blood vessels. 
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Accordingly, in the present invention these growth 
factors can be used in the implantation composition to 
enhance the growth of new blood vessels so as to supply 
nutrients to the heart muscle. 
5 Support matrix materials can be selected so as to 

achieve the desired viscosity and porosity. Thus, the 
cellular and non-cellular components may be prepared in 
a aqueous medium. In one embodiment, the composition 
may contain fibrin glue. Fibrin glue comprises thrombin 

10 and cryoprecipitate . The fibrin GLUE helps to adhere 
the implanted materials to the site of injection so as 
to reduce cell loss. 

The cellular compositions for implantation may also 
contain pharmacological agents such as pyruvate. 

15 Pyruvate is a natural, nontoxic chemical compound found 
in the body and which when combined with adrenaline-like 
catecholamine drugs has been shown to improve cardiac 
function. 

In one embodiment, cultured stem cells or myoblasts 

20 are transfected with a nitric oxide synthase gene prior 
to inclusion in the implantation composition. It is 
known that nitric oxide plays a role in regulating blood 
pressure and the clotting of blood. Procedures for 
transfecting cells are known to those skilled in the art 

25 (for example, see U.S. Patent No. 6,149,936 and 
references therein) . 

In the case of a porous ceramic delivery system, a 
porous ceramic that is biodegradable and thus eventually 
removed and eliminated via natural agencies is 

30 preferably used. The porous ceramic may constitute a 
porous sintered, porous vitreous, or porous glass-like, 
physiologically acceptable, biodegradable alkali metal 
salt, alkaline earth metal salt, or transition metal 
salt. For example, physiologically acceptable, 

35 biodegradable salts include but are not limited to the 
phosphates, sulfates, carbonates, and silicates of 
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sodium, potassium, calcium, magnesium, manganese, 
vanadium, iron, copper, zinc, silver, gold, platinum, 
aluminum, cobalt and the like. The salts are sintered 
to reduce their solubility in body fluids causing a 
5 corresponding reduction in. their chemical activity so 
that the porous ceramic is tolerated in the body and 
acute inflammatory reactions are avoided. A preferred 
ceramic is sintered calcium phosphate, preferably 
tricalcium phosphate (TCP) . An especially preferred 

10 ceramic phosphate is beta tricalcium phosphate (BTCP) 
having a Ca/P ration of about 1.5. Porous ceramic for 
purposes of this invention means any of the foregoing 
salts that are formed into a sintered or ceramic mass 
having pores suitable for containing effective amounts 

15 of myogenic cells. 

The method for preparing the porous ceramic 
delivery system of the present invention, e.g., implant 
material, comprises introducing a physiologically 
acceptable biodegradable porous ceramic such as sintered 

20 tricalcium phosphate to an aqueous solution of the 
cellular materials described above and causing the 
cellular mixture to become entrapped in the ceramic 1 s 
pores by evaporating the solvent, freeze drying it, or 
otherwise allowing the ceramic to absorb the cellular 

25 mixture, which will form the desired system. The 

preferred weight ratios of porous ceramic to cellular 
mixture is a range of at least 1:100 to about 1:1. 
Effective dosages of other components of the 
implantation composition are determined by the 

30 characteristics of the recipients and the objective of 
the treatment. The porous ceramic delivery system may 
be pre -formed by placing the powdered salts into a mold 
of the desired shape for implantation, and then firing 
the salt in a kiln or electric furnace to sinter the 

35 salt or otherwise convert it to a solid, unitary porous 
mass. Generally this method forms the active delivery 
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system of the invention. Additives or supplements may- 
be included in the admixture with the cellular mixture 
and porous ceramic , each for its own particular 
function. In preferred embodiments, the biodegradable 
5 porous ceramic delivery system is formed into a rod, 
plate, flake or otherwise shaped as desired. 

The porous ceramic materials could be used in 
combination with the myogenic cells, growth factors, 
other materials such as a biopsy of skeletal bone 
10 tissues, a biopsy of skeletal bone tissue mixed with a 
biopsy of healthy heart muscle, pyruvate, catecholamine 
stimulating agents, fibrin glue, or combinations 
thereof . 

An illustration of a suitable cellular implantation 

15 composition is as follows: by volume 60-90% (preferably 
80%) differentiated embryonic stem cells, 5-20% 
(preferably 10%) growth factors, 1-10% (preferably 2%) 
pyruvate, 1-10% (preferably 2%) fibrin glue and 1-10% 
(preferably 1%) catecholamine stimulating drugs. 

20 Various embodiments of the cellular implantation 

compositions of the present invention are provide below. 
These compositions are presented only for illustrative 
purposes and not to be construed as restrictive. 
Composition #1, mesenchymal stem cells 

25 differentiated to become cardiomyocyte-like, such cells 
being transformed with a gene encoding nitric oxide 
synthase, and vascular endothelium growth factors, . 

Composition #2, cultured embryonic stem cells 
differentiated to become cardiomyocyte-like, FGF and VEGF 

30 growth factors, fetal endothelial cells, placenta cord 
blood, and pyruvate. 

Composition #3, cultured skeletal muscle cells, 
fetal endothelial cells, fibroblast and vascular 

endothelium growth factors, and pyruvate. The cells may 
35 be transfected with a gene encoding nitric oxide 
synthase . 
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All of the above compositions may also include 
catecholamine stimulating drugs and other cardiac output 
stimulating drugs. Also, aspirin and Aldacatone can be 
added to the compositions 
5 An illustrative cellular composition comprises the 

following: 

About 50 million slow twitch myoblasts in about 0.2 
cc of human albumin transfected with cDNA encoding Nitric 
Oxide Synthase; Angiopoiten 1 Tie Receptors ("Ang l n ); L- 

10 Arginine; and VEGF and FGF. 

While the invention has been described in connection 
with certain preferred embodiments , it is not intended to 
limit the scope of the invention to the particular forms 
set forth, but, on the contrary, it is intended to cover 

15 such alternatives, modifications, and equivalents as may 
be included within the spirit and scope of the invention 
as defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1. A deployment system for myocardial cellular 
material , comprising : 

5 a guiding catheter having at least one lumen defined 

therein; and, 

a needle assembly capable of sliding through the 
lumen of the guiding catheter, the needle assembly having 
a lumen defined therein and terminating in a tip, the tip 
10 having at least one side, the needle assembly having an 
opening in the at least one side of the tip disposed in 
communication with the lumen of the needle assembly so 
that the material can be deployed into the myocardial 
wall from inside the lumen. 

15 

2. The deployment system of Claim 1, wherein the tip of 
the needle assembly has a point at its distal end. 

3. The deployment system of Claim 1, further comprising 
20 a push rod disposed inside the lumen of the needle 

assembly. 

4. The deployment system of Claim 1, wherein the 
guiding catheter is capable of articulating. 

25 

5. The deployment system of Claim 1, wherein the needle 
assembly is capable of articulating. 

6. The deployment system of Claim 1, wherein the tip 
30 has an outer surface with a set of external threads 

disposed thereon. 

7. The deployment system of Claim 1, wherein the 
guiding catheter further comprises a distal end having an 

35 anchor hook extending therefrom. 
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8. The deployment system of Claim 1, wherein the 
guiding catheter further comprises a distal end having a 
sensor. 

5 9. The deployment system of Claim 8, wherein the sensor 
is an opto-electric sensor. 

10. The deployment system of Claim 1, further comprising 
an anchor wire disposed axially through the tip and 

10 capable of engaging with a portion of the myocardial wall 
to position the needle assembly relative to the 
myocardial wall. 

11. The deployment system of Claim 1, wherein the needle 
15 assembly has a cradle for holding a charge of the 

myocardial cellular material, the cradle disposed between 
the lumen in the needle assembly and the opening in the 
side of the tip. 

20 12. A deployment system for myocardial cellular 
material , comprising : 

a guiding catheter having at least one lumen defined 
therein; 

a needle assembly capable of sliding through the 
. 25 lumen of the guiding catheter, the needle assembly having 
a lumen defined therein and terminating in a tip, the tip 
having at least one side, the needle assembly having an 
opening in the at least one side of the tip disposed in 
communication with the lumen of the needle assembly; and, 
30 a push rod having a platform disposed at its distal 

end, the push rod disposed inside the lumen of the needle 
assembly. 



35 



13. The deployment system of Claim 12, wherein the tip 
has an outer surface with a set of external threads 
disposed thereon. 
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14. The deployment system of Claim 12, wherein the tip 
of the needle assembly has a point at its distal end. 

15. The deployment system of Claim 12, wherein the 

5 guiding catheter further comprises a distal end having an 
anchor hook extending therefrom. 

16. The deployment system of Claim 12, wherein the 
guiding catheter further comprises a distal end having a 

10 sensor. 

17. The deployment system of Claim 16, wherein the 
sensor is an opto-electric sensor. 

15 18. The deployment system of Claim 12, further 

comprising an anchor wire disposed axially through the 
tip and capable of engaging with a portion of the 
myocardial wall to position the needle assembly relative 
to the myocardial wall. 

20 

19. The deployment system of Claim 12, wherein the 
needle assembly has a cradle for holding a charge of the 
myocardial cellular material, the cradle disposed between 
the lumen in the needle assembly and the opening in the 

25 side of the tip. 

20. A method of deploying myocardial cellular material, 
comprising: 

providing a guiding catheter having at least one 
30 lumen defined therein and a needle assembly capable of 
sliding through the lumen of the guiding catheter, the 
needle assembly having a lumen defined therein and 
terminating in a tip, the tip having at least one side, 
the needle assembly having an opening in the at least one 
35 side of the tip disposed in communication with the lumen 
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of the needle assembly so that the material can be 
deployed into the myocardial wall from inside the lumen; 

advancing the guiding catheter through a patient f s 
body to the myocardial wall; 
5 deploying the needle assembly by inserting the tip 

of the needle assembly into the myocardial wall to a 
predetermined depth; 

extending an implement through the opening in the 
side of the tip and engaging the implement directly with 
10 the myocardial wall; 

retracting the implement and inserting a myocardial 
cellular material into the lumen of the needle assembly; 

deploying the myocardial cellular material into the 
myocardial wall through the opening in the side of the 
15 tip. 

21. The method of Claim 20, wherein the implement is a 
push rod. 

20 22. The method of Claim 21, wherein the push rod has a 
platform disposed at its distal end. 

23. The method of Claim 20, wherein the tip of the 
needle assembly has a point at its distal end. 

25 

24. The method of Claim 20, wherein the guiding catheter 
is capable of articulating, 

25. The method of Claim 20, wherein the needle assembly 
30 is capable of articulating. 

26. The method of Claim 20, wherein the tip has an outer 
surface with a set of external threads disposed thereon. 



WO 02/05866 



PCT/US01/22029 



- 22 - 

27. The method of Claim 20, wherein the guiding catheter 
further comprises a distal end having an anchor hook 
extending therefrom . 

5 28. The method of Claim 20, wherein the guiding catheter 
further comprises a distal end having a sensor. 

29. The method of Claim 20, wherein the sensor is an 
opto-electric sensor. 

10 

30. The method of Claim 20, further comprising an anchor 
wire disposed axially through the tip and capable of 
engaging with a portion of the myocardial wall to 
position the needle assembly relative to the myocardial 

15 wall. 

31. The method of Claim 20, wherein the needle assembly 
has a cradle for holding a charge of the myocardial 
cellular material, the cradle disposed between the lumen 

20 in the needle assembly and the opening in the side of the 
tip. 

32. A deployment system for myocardial cellular 
material , comprising : 

25 a guiding catheter having at least one lumen defined 

therein; and, 

a needle assembly capable of sliding through the 
lumen of the guiding catheter, the needle assembly having 
a lumen defined therein and terminating in a tip, the tip 

30 having at least one side, the needle assembly having an 
opening in the at least one side of the tip disposed in 
communication with the lumen of the needle assembly so 
that an injectable material can be deployed from inside 
the lumen through the opening in the tip of the needle 

35 assembly; 
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means for injecting cellular materials through the 
needle assembly into the myocardial wall. 
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